50% due to the valence band degeneracy of the heavy-and light-hole bands at the I' point. Much effort has been devoted to achieving higher polarization.
The basic approaches involve removing the degeneracy of the valence bands and selectively exciting a single transition for the GaAs type materials or using crystals such as the ternary chalcopyrites which already have the appropriate band structure. InGaAs epilayer (thin sample) and a thick relaxed InGaAs layer (thick sample).
The substrate material used was (100) n-type GaAs (Si doped to 5x10'8cm-3).
Since heavy p-type doping is necessary to achieve a NEA surface, GaAs buffer layers were grown at 600' to change the carrier type: a 0.6 pm thick n-type GaAs (Si doped to 6x1018cm-3) followed by a 0.2 pm thick p-type GaAs (Be doped to 6x1018cm-3). The substrate temperature was then reduced to 550°C for the growth of the InGaAs layer. The thin sample had a 0.1 pm thickp-type In,Gar-,As layer (Be doped to 2~10l~crn-~ for the first 600 A and to 4~10r~crn-~ for the final 400 A), and the thick sample a 1.14 pm thick p-type InXGar-XAs layer (Be doped to 2x1018cm-3 for the first 11000 8, and to 4x1018cm-3 for the final 400 A).
The indium concentration was nominally x=0.13, and the agreement between the indium concentration of the two samples was estimated to be 6x= f 0.01. After the MBE growth, the sample was cooled to room temperature and was exposed to an As4 beam for about 10 minutes to deposit an arsenic protection layer.
In order to estimate the crystal strain in the InGaAs layer, the samples were analyzed with a double-crystal X-ray diffractometer at the Materials Science Engineering Laboratory at the University of Wisconsin. Fig. 1 shows the X-ray rocking curves around the (004) reflection using the Culi6. line. From these rocking curves, the lattice spacing along the growth direction of the epilayers can be measured precisely. Since the 1.14 pm-thickness sample is sufficiently thick to be fully relaxed:
the observed lattice spacing of this sample (C&,(&&=5. The biaxial strain thus measured for the 0.10 pm-thick sample was e = ~11 = -0.00859. Given the uncertainty of the indium concentration of the 0.10 pm-thick sample, this strain corresponds to between 80% and 100% of the fully allowed strain.
The electron spin-polarization was measured by Mott scattering at 65 keV.
The electron gun and Mott scattering apparatus have been described elsewhere.8
A nitrogen laser pumped dye laser, using various dyes to obtain the desired wavelength range, was used as the photoexcitation source. The dye laser output from the various dyes varied from 0.5 to 20 pJ/pulse in a 5 nsec pulse with a line width of x 0.1 nm. Prior to installation in the source, the sample was degreased sequentially in boiling solutions of trichloroethylene, acetone, and methanol. After the sample was installed and the chamber evacuated, the gun was baked at 220°C for about 80 hours and at 150°C for 24 hours to achieve the necessary ultrahigh vacuum. During the bake, the sample was maintained at about 270°C by a resistive heater at the back of the cathode support structure. The final pressure during the subsequent polarization measurements was less than 10-l' Torr. The cathode was activated to obtain a NEA surface using cesium and nitrogen-trifluoride. Prior to activation, the cathode was heat-treated for l-2 hours at 400-425OC. The lower than usual temperature (typically 600°C for GaAs) was used to protect the InGaAs layer and the heterostructure. The arsenic cap layer was removed during the first heat-treatment. All the present measurements were made with the cathode at room temperature.
The photoelectric quantum efficiencies were measured using two methods. A 2.2 mW HeNe laser was used to measure the absolute quantum efficiency at a photon wavelength of 632.8 nm. A halogen lamp and a monochrometer, whose output was monitored by a photodiode, were used to measure the relative quantum efficiency as a function of photon energy, and these measurements were then normalized to the HeNe laser measurement at 632.8 nm. After the polarization measurements the sample was re-analyzed with X-ray diffraction. The InGaAs peak showed a 40 arc-set shift from the original location and had a peak-broadening, indicating some strain relaxation due to the thermal treatments.
There is a systematic uncertainty in the absolute polarization measured by
Mott scattering. The present polarized electron gun and Mott polarimeter were previously used for the SLAC inelastic electron scattering experiment which observed a parity violating lo asymmetry.
During that experiment, the electron po- 
